Less than 5% of all spinal cord injuries occur in children under 16 years of age. We have followed up 40 children with spinal cord injury at our medical center. The patients have an average age at presentation of 9.0 years (range newborn to 17 years) and have a mean follow up of 46.1 months (range 1 to 240 months). Twenty-two patients have cervical injuries, 13 thoracic and five have lumbar injuries. Bladder management in this group includes 11 patients with reflex voiding and 29 patients combining anticholinergic medication with intermittent catheterization. Twenty-eight patients have a follow up for more than 1 year. Review of the video urodynamics in this group has shown good function and preservation of the urinary tract in 25 of 28 patients. Treatment failures can be attributed to noncompliance with recommended voiding regimens. Upper tract surveillance using intravenous pyelogram or renal ultrasound has shown preser vation of the upper tracts in all patients with anatomically normal lower tracts. We recommend aggressive follow up in this group of patients with yearly renal ultrasound and video urodynamics every 1-2 years to monitor urinary tract function.
Introduction
The majority of spinal cord injuries occur in the 18 to 25 year old age range.! Estimates for the incidence of pediatric spinal cord injury has ranged from 0. 65% to 9.6% of all spinal cord injuries.1-3 We have followed a significant number of pediatric spinal cord injured patients and will present the method of their long-term urological management and urodynamic follow up. Few studies in the literature have discussed the urological evaluation and management of this popula tion.
Materials and methods
Forty spinal cord injured children receiving urological care at our institution were iden tified. These patients either received their Correspondence: Dr Roberto Chao, Section of Void ing Dysfunction and Urodynamics, Cleveland Clinic FL, 3000 West Cypress Creek Rd, Fort Lauderdale, Florida 33309, USA.
initial rehabilitation in our institution or were initially cared for elsewhere and were transferred later for their management. A review of patient charts, video urodynamic studies and radiographic imagings was per formed. Patients were classified as reflex voiders if a spontaneous detrusor contrac tion occurred to empty the bladder at an acceptable voiding pressure. Patients under went a yearly physical examination, 1-2 year upper tract examinations and video urodynamic evaluation of their urinary tracts. Upper tract examinations included either intravenous pyelograms or renal ultrasound.
The patient population consisted of 40 spinal cord injured children less than 18 years of age. Ten patients had complete lesions, 14 incomplete and 16 unknown. The majority of spinal cord injured patients had had motor vehicle accidents: 13 as pedes trians and 11 as passengers. Four patients were injured at birth during delivery. Four suffered gun shot wounds. Three patients had episodes of transverse myelitis. A small number of patients were involved in accid ents with motorcycles, diving, falls and boats.
Results
Of the population, 22 patients had cervical cord injuries (15 male and seven female). Thirteen patients had thoracic cord injuries (11 male and two female), and five patients lumbar injuries (three male and two fe males).
Overall, the patients have an average age at presentation of 9.0 years (range newborn to 17 years), with a mean follow-up time of 46.1 months (range 1 to 240 months). Individual follow up and ages at presenta tion are summarized in Table I .
Reflex voiding or catheterization was recommended depending on the patient's bladder voiding pressure, on urodynamics, the child's age, and the family situation. Those patients having moderate to severe trabeculation and correspondingly high pressures (detrusor > 40 cmH 2 0) , or any patient exhibiting detrusor-sphincter dysyn ergia on video urodynamics were placed on anticholinergic drugs and intermittent cath eterization (ICP). Patients and families de siring continence also started ICP, with medications if indicated. In the cervical injury group, the average age at presenta tion was 7.8 years, with a mean follow up of 56.7 months. Urodynamic studies, per formed every 1-2 years, showed that all patients had a hyperreflexic bladder. Spinal injured infants had an increase in bladder capacity as they grew; older individuals had a functional reduction in their capacity. The average cystographic appearance of pa tient's bladders at the last urodynamic fol- Patients with thoracic injuries presented at an average age of 9.4 years, with a mean follow up of 52.9 months. Urodynamic studies showed that 11 patients had a hyperreflexic bladder and two were arre flexic. Bladder management, based on the detrusor pressures generated, the cysto graphic bladder appearance, and the social situation of the patient allowed two patients to be reflex voiders, and 11 are on ICP/anti cholinergics.
Patients with lumbar injuries presented at an average age of 9.8 years, with a mean follow up of 28.8 months. Urodynamic studies showed that all of these patients had arreflexic bladders. Two patients are void ing with Valsalva's manoeuver and three patients are on ICP/anticholinergic drugs.
Long-term follow up
Twenty-eight patients from this population were followed for more than 1 year (Table  II) . Video fluoroscopy during urodynamic studies at the last follow up showed the bladder wall to be smooth in 43% (12/28), mildly trabeculated in 50% (14/28), and markedly trabeculated in 7% (2/28). Five patients had a change from a smooth blad der wall to mild trabeculation (four cervical injuries and one thoracic injury). Four patients had a change from a trabeculated bladder wall to a smooth wall (three cervical injuries and one thoracic injury) on six month follow up after institution of ICP and anticholinergic therapy. One patient had a In this group, 11 patients are reflex voiders: five patients had smooth bladders on cystography, four with mild trabecula tion and two with moderate or severe trabeculation at last follow up. The latter two patients were recommended to start ICP lanticholinergics, but have not com plied. Seventeen patients are on IcpI anticholinergics: nine had smooth bladders, eight with mild trabeculation and more with severely trabeculated bladders. Of the nine reflex voiders with smooth to mildly trabeculated bladders, six are cervical in juries (complete and incomplete lesions), one thoracic (congenital) and two lumbar (one complete and one incomplete).
Discussion
Approximately seven to 8,000 spinal cord injuries occur in the United States per year. 3 Those under 15 years of age comprise only 1-3% of injuries. Thus children and adoles cents are rarely involved. The pediatric spine is more predisposed to certain frac tures because of its increased physiological mobility secondary to ligamentous laxity, incomplete ossification of facet joints and vertebral bodies, and underdeveloped neck musculature. In children, the greatest cerv ical motion occurs at the C2-3 level. By 8-10 years of age, this shifts downward to the C5-6 adult level. 4 The most common cause of spinal cord injury in all age groups is trauma. For children, motor vehicle accidents (41.5%) are the leading etiology followed by sports We saw a similar etiology of injury in our population. Once injured, the majority of the patients have hyperreflexic bladders. There was a tendency in our long-term study group to have a higher number of reflex voiders.
There are only a few reported series in the literature of pediatric spinal cord injured patients. In 1974, Burke7 documented 29 traumatically paralyzed children. Follow up was by monitoring of IVP, urinalysis and serum creatinine. Of 26 evaluable patients, 20 were injured less than 10 years. Of these short-term patients, 17 had normal upper tracts. Voiding in this group included 15 balanced bladders, four with indwelling catheters and one with a right nephrostomy. Six patients were injured for 10 years or more. Only one of these six patients had a normal IVP. Voiding was catheter free in one, four had catheters and one had bi lateral cutaneous ureterostomies. Fanciul lacci et als reported on 18 children with spinal cord injury. On initial urological evaluation (2 months to 1.5 years from injury), 13 of 18 patients had normal upper tracts. Initial urodynamic data showed 12 hyperreflexic bladders (six with detrusor sphincter dysynergia), three arreflexic blad ders and three unknowns. Upper tract follow up in 14 patients (by IVP or renal scan) with conservative management at a mean of 7.7 years from injury showed normal upper tracts in eight of 14 patients, only one being managed with ICP/anti cholinergics. Therefore, six of 14 patients (43%) showed deterioration of their upper urinary tracts. Both series show that without appropriate urodynamic monitoring of de trusor pressures, patients run the risk of long-term damage to their upper tracts.
Video urodynamics and radiographic studies of the urinary tract in our group were helQful in identifying, those Qatients with high-pressure bladders and detrusor sphincter dysynergia and at risk of upper tract damage. Those patients voiding on their own and showing increasing detrusor trabeculation or reflux with high-pressure voiding were placed on an ICP/anticholiner gic regimen.
Urinary tract management goals after spinal cord injury include bladder emptying, continence, infection prevention and preser vation of the upper tracts.3 In those patients followed for 1 year or longer, treatment failures could be attributed to noncom pliance with recommended voiding regi mens. It is interesting to see the tendency to reflex voiding in the pediatric popUlation. Of the 28 patients with long-term hyper reflexic bladders, seven (25%) are able to reflexively void. It is definitely rare to see an adult male SCI patient who is a reflex voider without the aid of sphincterotomy. Preser vation of the urinary tract has been accom plished in those patients to date with reflex voiding patterns.
To summarize, 39 pediatric spinal cord injured patients and their follow-up uro dynamics are presented. Twenty-eight of these patients have been followed up for more than 1 year. Intermittent catheteriza tion and anticholinergic drugs were recom mended to attain continence or if bladder
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Urodynamic follow-up in pediatric SCI 809 wall changes occurred. Thus, 11 patients voided reflexively (including one with vesi costomy) and 28 Qatients were on intermit tent catheterization and anticholinergics. Twenty-six out of 28 patients following recommended voiding protocols have main tained their urinary tracts.
We may conclude from this study that pediatric as compared with adult spinal cord injury patients have a higher prevalence of reflex voiding with more 'balanced' blad ders. Reflex voiding is safe if regular and careful follow up can be guaranteed so that intermittent catheterization and anticholin ergics can be started if bladder wall changes occur. Although intermittent catheteriza tion has been advocated for all children with bladder neuropathy after spinal cord in jury,3 in younger children it is not necessary for social reasons and may add an extra burden for the family. In older tetraplegic patients, reflex voiding rather than inter mittent catheterization will allow more inde pendence from their parents or caregivers, but some of the males may require sphinc terotomy as they approach adulthood. To date, no augmentations have been per formed which are in contrast to the experi ence in children with myelodysplasia. Peri odic urinary tract assessment with renal ultrasound or intravenous pyelogram and video urodynamics is essential to monitor urinary tract morphology and renal func tion.
